Background: Circadian rhythms coordinate almost all physiological functions and are implicated in major disease development. Even though circadian rhythms have a major impact on human health, little is known about how they affect general anaesthesia. The purpose of this study was to understand if the time of day affects the length of time a child needs to achieve readiness for discharge after general anaesthesia for brain MRI. Methods: A retrospective analysis over a 3 yr period (2013e5) on the length of stay in the postanaesthesia care unit (PACU) before discharge was performed for children (age <18 yr) undergoing brain magnetic resonance imaging as outpatients. PACU duration was correlated to either morning vs afternoon or to time clusters for discharge times (<9 AM, >9 AM <12 PM, >12 PM <3 PM, >3 PM <6 PM, >6 PM). Results: Data from 2340 procedures in children, with median age [inter-quartile range (range)] of 4.7 [2.3e7.25 (0.5e17.8)] yr were available for analysis. The length of stay in the PACU significantly increased over the course of the day with an observed maximum increase of 18 or 19 min (<9 AM vs >6 PM) in children older than 3 or 5 yr, respectively. Subgroup analysis suggested time of day dependent PACU time increase was independent of sex, co-medications, or obstructive sleep apnoea. Conclusion: The time of day significantly affects PACU recovery times in children of both genders having brain imaging under general anaesthesia. Children younger than 3 yr might not be affected. Further validation of these findings may guide future strategies to reduce discharge times.
The earth's 24 h rotational cycle, with its light and dark periods, has existed for more than 4 billion years and has led to the evolution of circadian rhythms in humans. The impact of circadian rhythms on health beyond mental well-being is currently an area of intense investigation. 1e12 Its disruption is implicated in the pathogenesis of a spectrum of diseases such as diabetes, hypertension, sepsis, and cardiovascular disease. 4 General anaesthetics and a variety of adjunct medications given during surgery have the potential to disrupt the circadian cycle. 13, 14 While this is a well-recognised phenomenon, the underlying mechanisms are not yet well understood, so research to understand the impact of anaesthesia on circadian rhythms and health is highly desirable. Another important aspect of circadian biology is the influence of the timing of drug administration during different time points during the day. In fact, many drugs have significant different effects at different times during the day, 15 so not only might anaesthetics disrupt circadian rhythms, but their sideeffects or efficacies might differ at certain times during the day.
Patients can only be discharged home after surgery once they meet all discharge criteria, including being appropriately alert, as assessed using a validated scoring system. Thus 'sleepiness' after a general anaesthetic for same day surgery can delay discharge. To further understand daily variations of general anaesthesia potentially effecting PACU readiness and discharge times, we sought to investigate the effects of propofol general anaesthesia on PACU discharge readiness in children after brain MRI in an outpatient setting. We performed a retrospective chart review from 2340 anaesthetics in children over a 3 yr time period to determine if the PACU time was different in children who were anaesthetised in the morning vs the afternoon, irrespective of drug dose. Subgroup analyses accounted for sex, age, prescribed medications, or the presence of obstructive sleep apnoea (OSA).
Methods
We collected data on children from 6 months to 18 yr of age who underwent general anaesthesia for brain MRI at the Children's Hospital Colorado (CHCO) between January 1, 2013 and December 31, 2015. The anaesthetic for brain MRI patients is quite standardised at our institution and consists of no premedication, inhalation indication with sevoflurane, followed by i. 16 The time points for anaesthetic induction, end of procedure, and meeting Phase 1 PACU discharge criteria ('PACU time') were collected along with total propofol dose administered, normalised for weight and duration, scoring for the presence of sleep-disordered breathing pattern [ According to published reports, a significant difference of medication efficacy between morning and afternoon times exists. 21 We therefore compared PACU recovery times before 12 PM with those after 12 PM. As shown in Fig. 1c time of day and readiness for discharge after general anaesthesia (Fig. 1d) ] but did not correlate with the time a child needed to achieve discharge-readiness to the Phase 2 PACU (R 2 ¼0.000048, P¼0.29; Fig. 3b ). Furthermore, there was no difference in the propofol dose administered at different time points during the day (Fig. 3c) ) confirmed significantly increased PACU times in the afternoon irrespective of the dose (Supplementary Fig. S1 ). As sex differences and circadian rhythms are an area of intense investigation, 22 we next explored if the time of day when the anaesthetic was administered influenced discharge times differently in male or female children. As shown in Fig. 4aed , differences observed in all subjects (Fig. 1) were also significant when female or male children were analysed separately [female <9 AM: 31. However, the increase of PACU times appeared to be slightly more robust in males (Fig. 4d) . In fact, male subjects showed a maximum increase of 18 min PACU time over the course of a day in contrast to 11 min in female subjects. However, there was no difference in PACU time length between male and female subjects in the morning or afternoon (Fig. 4e and f) . Next, we performed subgroup analysis to understand if certain co-administered medications or diseases could have influenced the different PACU times during the day. We analysed patients with anticonvulsive drugs, antihistamines, or OSA, which potentially could interfere with circadian rhythms (anticonvulsive: 30%; antihistamines: 12%; OSA: 5%). A similar time of day dependent increase of PACU discharge times was observed when compared with those patients without OSA or any co-medications (Fig. 5aef) . However, patients with OSA appeared to have longer PACU recovery times in the afternoon Analysis of the overall diagnosis leading to the MRI found more than 70% of patients with more than 80 different diagnoses, making a single diagnosis unlikely as the cause of increased PACU times. Nevertheless, we evaluated the largest subgroups available (neoplasm 10.5%, other convulsions 6.2%, headache 4.7%, epilepsy 4.7%, Supplementary Table S1) and, in fact found increased PACU times for all subgroups. However, PACU times were only significantly longer in the afternoon for patients with neoplasms or headaches ( Supplementary  Fig. S2) .
As children of different ages have different sleep requirements, we next analysed if the age would correlate with the length of stay in the PACU. Linear regression analysis did not reveal any evidence for a correlation between age and length of stay in the PACU (Fig. 6a) . However, children younger than 3 yr still have appreciably longer sleep cycles. Therefore, we next analysed only children younger than 3 yr. Indeed, no significant increase of PACU times over the course of the day was found (Fig. 6b) . In contrast, children older than 3 or 5 yr had again significant increases of PACU times [ Fig. 6c In fact, the length of stay in the PACU significantly increased over the course of the day with an observed maximum increase of 18 or 19 min (<9 AM vs >6 PM) in children older than 3 or 5 yr, respectively ( Fig. 6e and f, power 99% and 98%, respectively) .
To further understand the potential influence of all variables on PACU times, we performed a regression analysis using the automatic linear modelling (IBM SPSS software). Using the model selection method 'best subsets' and the Akaike information criterion, we confirmed that the discharge time of day was the most important predictor for the length of stay in the PACU (predictor importance 0.89, P<0.05, accuracy of the model was 81.5%). However, even though we did not find differences in our analysis, the regression model suggesteddwith a very low predictor importanceda possible role for propofol start time (predictor importance 0.05, P<0.05), case duration (predicator importance 0.04, P<0.05), propofol stop time (predictor importance 0.02, P<0.05), and the patient's age (predictor importance 0.0007, P<0.05).
Discussion
This retrospective analysis of PACU discharge data from 2340 procedures in children who received general anaesthesia using propofol for brain MRI in an outpatient setting demonstrated a significant and robust time of day dependent increase of PACU recovery times. There were no obvious differences between female or male children. The procedure length and the total amount or high/low dose of propofol administered had no influence on the length of stay in PACU. Subgroup analysis suggested that the time of day dependent difference in recovery time was preserved in patients who take some medications, in patients with OSA, or other underlying diseases. However, in children younger than 3 yr, who have longer sleep cycles, no differences in PACU recovery times were found, while children older than 3 yr had pronounced increases of PACU recovery times over the course of a day. Because the most prominent circadian difference occurred in these older children, we believe that being accustomed to afternoon naps, a characteristic of younger children, is unlikely to be a confounder. Finally, automatic linear modelling for regression analysis confirmed that the PACU discharge time represents the strongest predictor for the length of stay in a PACU compared with all other variables.
Our findings of a diurnal pattern for PACU times suggest the involvement of circadian rhythms. Indeed, it has been anecdotally observed that even though a child receives seemingly similar anaesthetics during serial encounters, the recovery time greatly varies depending on the time of the day when the anaesthetic takes place. A recent study uncovered that at least 56 of the top 100 best-selling drugs in the USA target the product of a circadian gene. 15 Moreover, the time of day when a drug is administered can change its efficacy significantly. 21 This phenomenon is called chronotherapy and has recently become the standard of care with certain medications. 23 Less is known for anaesthetics, even though a time of day dependency for morphine-induced analgesia and duration of action for local anaesthetics has been reported. 6 More recent studies have shown the impact of propofol anaesthesia on circadian rhythms. 7, 8 Nevertheless, the impact of general anaesthesia on discharge readiness has not yet been elucidated. However, to confirm that our observations on diurnal variations of PACU times are indeed mechanistically linked to circadian rhythms will require future prospective controlled trials with analyses of circadian protein kinetics, as was done recently in a study on diurnal variations of cardiac surgery. 24, 25 To analyse the effect of general anaesthesia on PACU times using a retrospective chart review, we identified a patient population with the fewest possible confounders. Brain MRI is well standardised in our institution, using a defined protocol with predictable duration, and consistent anaesthetic management. Such standardised anaesthetic techniques theoretically reduce confounding variables related to different anaesthetic agents or skills of the anaesthesiologist. In addition, the PACU care of these patients follows a uniform and predictable pathway. The beginning time for Phase 1 is triggered when the patient arrives in the PACU bay and the nurse opens the patient's electronic health record chart on the computer at the bedside. This is, by necessity, done in real time, as it is a required step in the check in and identification of the patient immediately upon arrival. The end of Phase 1 is triggered by the nurse at the bedside as soon as clinical criteria are met. This, too, is done in real time by the nurse on the bedside computer, and involves a simple mouse click; it does not involve a physical patient transfer, or the entry of a note. As the transition from Phase 1 to Phase 2 care in our procedure centre PACU does not involve a change in location or nursing staff, but rather a change in status, the determination of the end of Phase 1 is not dependent on census or case load. There is no difference between patients of different ages because both the staffing ratios and the general plan of care are identical regardless of patient age. Additionally, 'PACU holds', where patient admission to the PACU from the MRI suite is delayed, are an exceedingly rare occurrence in our procedure centre PACU. Our PACU nursing director has had years of experience with the model used in the procedure centre PACU, resulting in a very high degree of precision regarding how to staff the unit based on the day's case load. The nurse:patient ratio is 1:1 throughout Phase 1 care, regardless of age, acuity, or time of day, and patient census does not impact throughput or the 1:1 staffing model. Moreover, parents are only brought into the PACU to be with their children after they are awake, and thus should have minimal effect on arousing their children. Also, the level of ambient noise or activity in our PACU is very low and should not have affected the recovery time. However, as this setup could be unique to our institution, our findings might not be generalisable and might affect the ability of other institutions without such staffing and care models to replicate our results.
Our study also has other obvious limitations. As with any retrospective analysis, the possibility of unmeasured confounders skewing the results is always a possibility. However, the large number of subjects, the exclusion of subjects with incomplete data or medical and care factors outside the norm, and the uniformity of both the anaesthetic technique and MRI procedure, serve to limit the possible influence of such effects. Choosing Phase 1 discharge times as a time point might have some limitations regarding the influence of anaesthesia on the total length of stay in the PACU. However, we believe that a more robust time point is superior to a more variable and not well documented one. Furthermore, even though the primary outcome variable in this study, and the one through which the time epochs were constructed, is the PACU Phase 1 discharge time, there is obviously an inextricable link to the time of day during which the anaesthetic was administered, especially as the duration of anaesthesia in our patients was relatively short. Additional limitations are uneven group sizes because of the retrospective nature of our chart analysis, which resulted in a low power for some subgroup analyses. However, post hoc analysis for the observed differences in PACU times between morning and afternoon revealed an observed power of 99% (Fig. 1) . Moreover, multiple different group analyses using time clusters consistently revealed a robust and time dependent increase of PACU times over the course of a day, while the procedure lengths had no influence. Even though there is a strong correlation between the time of day and the length of stay in a PACU, other factors could have influenced the PACU time in a time of day dependent manner. In fact, the regression model suggested, even though with a very low predictor importance, a possible role for propofol start time, case duration, propofol stop time, and the patient's age. However, our analysis did not reveal statistically or clinically relevant differences. Other possible limitations are some influencing factors that cannot be ruled out and are difficult to control for in general. Human factors such as nurse interrater reliability or not documented underlying pathologies of our subjects might also have influenced emergence times. Nevertheless, in such a large unselected population, it is unlikely that this would have been distributed differently between mornings and afternoons. In fact, an examination of the principal diagnoses in our subjects revealed a wide spectrum of diagnoses, further reducing the likelihood of skewing the results on this basis at any time of the day (Supplemental Table S1 ). Regardless, to more strictly validate our findings or to identify potential other factors which could influence the PACU times, in a time of day dependent or independent manner, would require future prospective controlled studies.
In conclusion, the time of day that a child recovers from a propofol anaesthetic influences the speed of recovery and PACU discharge readiness. Children older than 3 yr who recover in the late afternoon may be expected to take longer to awaken and be ready for discharge after outpatient procedures. This has implications for both patient care and for scheduling and resource allocation in high throughput postoperative environments. The optimal timing of an anaesthetic and recovery in relation to the circadian rhythm should be pursued through further prospective studies.
